Purpose: The purpose of this study is to evaluate the effectiveness of pharmacist-led diabetes program in improving glycated hemoglobin and diabetes-related hospitalizations of patients with type 2 diabetes mellitus in a district level hospital without structured diabetes care model. Thus far, the impact of pharmacist-led diabetes program in hospital settings without endocrinologist, dietitian, nutritionist, diabetes educator and diabetes link nurse is unknown. This study hypothesized that there would be a difference in the aforementioned outcomes among patients with type 2 diabetes mellitus managed primarily by pharmacist.
Introduction
Diabetes is a prevalent non-communicable disease with substantial disease and economic burden (American Diabetes Association 2013; Lozano et al. 2013; Png et al. 2016; Seuring et al. 2015; Yesudian et al. 2014) . Global Report on Diabetes 2016 had shown that 1.5 million of global death in the year 2012 were directly caused by diabetes (World Health Organization 2016) . Higher-than-optimal blood glucose, too, had resulted in additional 2.2 million of deaths related to cardiovascular diseases, chronic kidney disease, and tuberculosis (World Health Organization 2016) . It was estimated that the worldwide direct annual cost of diabetes to be approximately 825 billion international dollars, which imposed a massive economic burden to patients, their families, health system, and nation (NCD Risk Factor Collaboration 2016) .
As one of the countries providing the best healthcare in the world, Malaysia health care facilities deliver medical treatment at affordable expenses (International Living 2017 In view of its long-term complications and considerable financial burden, a multidisciplinary approach is required to handle diabetes and its co-morbidities. One of the initiatives started is to include pharmacist into the diabetes care model. Previous studies in hospital settings had reported positive impacts of clinical pharmacists in improving patients' adherence towards medications (Butt et al. 2016; Samtia et al. 2013) , clinical outcomes especially glycated hemoglobin (A1C) (Butt et al. 2016; Farsaei et al. 2011; Jacobs et al. 2012; Rothman et al. 2005; Samtia et al. 2013; Taveira et al. 2010) , and quality of life (Adibe et al. 2013; Butt et al. 2016) . Several studies also reported that community pharmacists certified as diabetes pharmacists of diabetes educators have been proven to be able to improve clinical outcomes of patients with diabetes (Castejón et al. 2013; Cohen et al. 2011; Krass et al. 2007; Ladhani et al. 2012) .
In Malaysia, diabetes medication therapy adherence clinic (DMTAC) is an ambulatory care service provided by the certified DMTAC pharmacists in the Ministry of Health since 2004. Throughout the years, several studies have showed this pharmacist-physician collaboration program was effective (Lim & Lim 2010; Lim et al. 2016; You et al. 2015) . However, it is noteworthy that the impact of DMTAC pharmacists in hospital settings without endocrinologist, dietitian, nutritionist, diabetes educator and diabetes link nurse is unknown.
Hence, this study aimed to evaluate the effectiveness of DMTAC pharmacists in improving clinical outcomes of patients with type 2 diabetes mellitus in a district level hospital without a structured diabetes care model. The primary endpoint was the mean A1C changes in both DMTAC and usual medical care (UMC) groups, while the secondary endpoint was diabetes-related hospitalization among these two groups. This study hypothesized that there would be a difference in the aforementioned outcomes among patients with type 2 diabetes mellitus managed primarily by pharmacist.
Methods

Study Design
This was a pilot retrospective cohort study conducted in a district hospital in Malaysia, Port Dickson Hospital, involving patients with type 2 diabetes mellitus attended regular follow-up in Medical Outpatient Department (MOPD) and DMTAC. The current study was registered with Malaysia National Medical Research Registry (NMRR) and approved by Medical Research and Ethics Committee (MREC) prior to the start of the research.
Study Subjects
Patients with type 2 diabetes mellitus under regular DMTAC and MOPD follow-up were identified using convenience sampling method. The study sampling period included 1 January 2015 through 31 May 2017 to ensure each study subject had an approximately one year of follow-up in the current hospital setting. Proper documentation of an A1C value at baseline (defined as within 3 months before or after the initial appointment with DMTAC pharmacist or UMC) was required. Both DMTAC and UMC patients were selected as study subjects if they were diagnosed with type 2 diabetes mellitus, aged ≥18 years old and A1C ≥8%. Subjects were excluded if there was insufficient relevant information that could be retrieved from their DMTAC record forms, medical record or electronic computer system. Insufficient information in this context mainly referring to less than four evaluable A1C values for each study subjects.
For patients under regular follow-ups in MOPD, their standard of care was provided by physicians and nurses. Those patients with uncontrolled or complicated type 2 diabetes mellitus would be referred to the pharmacists managing DMTAC if further diabetes management would be required. Pharmacists who provided DMTAC services have been credentialed and privileged to educate patients regarding diabetes control, nutrition restriction and requirement, management of co-morbid conditions, and lifestyle modification. They also collaborated with physicians to make medication adjustment, especially for oral diabetes medications and insulin therapy.
Study Outcomes
The primary outcome of this study was mean A1C changes, while the secondary outcome was diabetes-related hospitalizations. A1C levels for each DMTAC and UMC visits were followed-up, beginning from baseline (index date) until the end of the study duration (approximately one-year post-index). In addition, the International Classification of Diseases, Tenth Edition, Clinical Modification (ICD-10-CM) was used to identify diabetesrelated diagnoses for those study subjects admitted in Port Dickson Hospital within the study period. The ICD-10-CM codes were used to identify short-term diabetes complications, including hyperglycemia and hypoglycemia, as well as long-term diabetes complications, such as microvascular and macrovascular conditions. Microvascular complications included, but not limited to, retinopathy, nephropathy, neuropathy, while cardiovascular disease (CVD) included coronary artery disease, history of myocardial infarction, or heart valve disease. A hospitalization was considered to be diabetesrelated if one of the designated ICD-10-CM codes was documented in the diagnosis fields.
Data Collection
Relevant data for each cohort was collected using a standardized chart review forms and entered into the research database. For both DMTAC and UMC groups, data from chart review included the dates 1 January 2015 through 31
May 2017. Demographic information (i.e. age, sex, and race), initial clinical characteristics (i.e. years of diabetes, co-morbid conditions, types of diabetes medications), as well as A1C levels, were obtained from DMTAC record forms and medical record as appropriate. On the other hand, history of hospitalizations for both DMTAC and UMC groups within one year of follow-up was retrieved via electronic medical records SPP version 2.6. Data available were extracted to explore the relationship between pharmacists' interventions and the aforementioned clinical outcomes.
Statistical Analysis
This study was powered with a sample size to detect a difference of 1% A1C reduction with a standard deviation of 1.2% (Kelly & Rodgers 2000) . 24 subjects were required for each group with a ratio of 1:1 to obtain a power of 80% and a type I error of 0.05%. (Department of Biostatistics 2009). By accounting for a 20% dropout rate, a total of 29 subjects per group was required for this study.
All statistical analyses were performed by using IBM® SPSS Statistics desktop version 23.0. Continuous data were presented as means and standard deviations or 95% confidence intervals for generalization purposes, while categorical data was presented as frequencies and percentages. The threshold of significance was fixed at 5% level. Distributions of demographic and initial clinical variables were compared by using Pearson's Chi-square and independent t-tests as appropriate. For the primary outcome, mean A1C changes for both DMTAC and UMC groups were computed using repeated measures ANOVA. For the secondary outcome, a time-to-event curve was estimated with the Kaplan-Meier method. The event mentioned was referring to days to the first diabetes-related hospitalization.
Results
Demographics of Study Subjects
Twenty-nine patients from each group were eligible for this study (Figure 1 ). All these study subjects had complete relevant data to be reviewed and analyzed. Baseline demographic and clinical characteristics of the study subjects are summarized in Table 1 . Both groups were comparable, except there were more dyslipidemia cases and more study subjects prescribed with insulin in DMTAC group. In contrary, UMC group had more study subjects prescribed with sulphonylureas. Table 2 . DMTAC study subjects had significant higher baseline mean A1C value compared to UMC study subjects (p<0.001). There was consistent mean A1C reductions in the DMTAC group but not in the UMC group. General linear model analysis with repeated measure ANOVA reported significant mean A1C reduction after 12 months in the program (p<0.001). In contrary, no significant mean A1C changes observed in the UMC group. The average mean A1C values in the DMTAC and UMC groups were 10.09% (95% confidence interval 9.541-10.636) and 9.22% (95% confidence interval 8.668-9.763), respectively, with mean A1C changes of 0.87% (95% confidence interval 0.10-1.65) between these two groups. The difference was statistically significant (p=0.028). Mean A1C changes in the DMTAC and UMC groups over twelve months is illustrated in Figure 2 .
Post hoc tests revealed that A1C reduced by an average of 1.35% (95% confidence interval 0.297-2.392) after being followed-up in the DMTAC for three months (p=0.006). Although there were additional A1C reductions between third month and sixth month, as well as between sixth month and twelfth month, the average reduction was not statistically significant (p=1.000). Figure 3 shows the Kaplan-Meier cumulative event curves for diabetes-related hospitalizations. There were seven events in the DMTAC group compared to two events in the UMC group. The mean time to the first hospitalization in DMTAC group was 385.76 days (95% confidence interval 348.66-422.86). In contrary, the mean time to the first event in UMC was 402.64 days (95% confidence interval 388.78-416.50). A log-rank test was done to determine if there were differences in the diabetes-related hospitalizations for both DMTAC and UMC groups. The distributions for these two groups were statistically not significant, χ 2 (1) = 3.697, p=0.054.
Figure 3: Kaplan-Meier Cumulative Event Curves for Diabetes-Related Hospitalization
Discussion
The findings of this study revealed that patients with type 2 diabetes mellitus managed by pharmacists providing DMTAC service had improved A1C values. There was no significant difference between DMTAC and UMC groups for diabetes-related hospitalizations.
Compared to the UMC group, study subjects enrolled in the DMTAC group had higher baseline A1C because physician usually referred patients to DMTAC program if their diabetes had become uncontrolled or more complicated to manage. A similar scenario was also observed in previous studies, in which pharmacist group tended to have patients with higher baseline A1C levels (Morello et al. 2016; Pepper et al. 2012) . The current study reported a significant 1.35% (95%confidence interval 0.297-2.392) reductions in A1C from the baseline to as early as three months after enrollment in the DMTAC program. Despite the significant improvement in A1C, both DMTAC and UMC groups did not reach the targeted A1C ≤6.5%, which could be attributable to insufficient follow-up duration. In parallel with the current study, a prospective study conducted in a tertiary hospital in Malaysia by Kumar and colleagues (2011) showed a similar reduction in A1C values among DMTAC subjects compared to the control (-1.7% versus -0.6%) over nine months (Kumar et al. 2011) . Another multi-center retrospective study evaluating the impact of DMTAC services in Malaysia government health clinics revealed a modest yet significant mean A1C reduction improvement of 1.0% (SD=1.70) (p<0.001) after having at least four visits with DMTAC pharmacists (You et al. 2015) . A greater improvement in A1C could probably be achieved with more rigorous and intensive diabetes management. This was demonstrated in a randomized trial conducted by Rothman et al. (2005) , in which intervention group able to obtain a significant 2.5% A1C reduction after receiving several intensive management sessions from clinical pharmacists and diabetes care coordinators in one year duration (Rothman et al. 2005) .
The importance of reducing A1C levels had been ascertained by UK Prospective Diabetes Study (UKPDS), in which a 35% reduction in the risk of microvascular complications could be observed for every percentage decrease in A1C (UK Prospective Diabetes Study Group 1998). Additionally, outcomes from Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE) trial reported intensive glucose control significantly reduced the combined major macrovascular or microvascular events, mainly as a result of a reduction in nephropathy (ADVANCE Collaborative Group 2008). More diverse treatment strategies are, therefore, essential to ensure patients are able to attain their targeted glycemic goals, with better quality of life and satisfaction, while minimizing the adverse outcomes from the intensive glucose control.
Compared to the pharmacist-led group, there was less improvement in the A1C of study subjects managed by the UMC group.
Although it was stated that no convincing association between patient-physician contact time and outcomes of chronic illness (Dugdale et al. 1999) , the positive outcomes observed in the current study could partly be due to DMTAC pharmacists able to spend more time with their patients to discuss about diabetes management and enforce about compliance to their treatment regimes, in comparison to shorter physician-patient contact time in the outpatient setting. The relationship between healthcare professional-patient contact time and clinical outcomes is out of the scope of this study and can be explored in the future.
Diabetes-related hospitalizations in the current study included microvascular and macrovascular complications as listed in ICD-10-CM codes. This definition varied from previous studies that used ICD-9-CM codes or did not include macrovascular complications as part of the diabetes-related hospitalizations (Chung et al. 2014; Menzin et al. 2010) . The current study showed that both DMTAC and UMC groups had similar outcomes on diabetes-related hospitalizations. Nevertheless, it should be noted that study subjects enrolled in the DMTAC had a shorter interval for the first hospitalization compared to those in the UMC group. This trend was different from that observed in a study conducted by Chung and colleagues (2014) which reported patients treated in the usual care group had a significant increase in hospitalizations but comparable emergency department visits between the clinical pharmacy program and usual care groups (Chung et al. 2014 ). This could be explained via differences in the baseline clinical characteristics of study subjects between these two studies. The current study enrolled DMTAC study subjects with higher A1C levels compared to UMC study subjects, while the former study had both cohorts started with similar A1C levels. Menzin and colleagues (2010) identified that patients with higher A1C levels had higher hospitalization rates, i.e. mean A1C ≥10% had increased odds of having diabetes-related hospitalizations compared to those with mean A1C <7% (Menzin et al. 2010) . This finding was consistent with the results of the current study.
Evidence of tight glycemic control to reduce diabetes-related complications were contradicting. A large meta-analysis showed that intensive glucose control might lower coronary heart disease but not stroke and overall mortality (Ray et al. 2009 ). Conversely, there was evidence showing no benefit for cardiovascular death and overall mortality outcomes with tight glycemic control (Kelly et al. 2009 ). The conflicting data indicated that more research are required to verify the benefit of tight glycemic control for patients with diabetes.
Limitations
This study was one of the few researches assessing the impact of pharmacist-managed diabetes program on patients' glycemic control and diabetes-related hospitalizations. The findings in this study must be interpreted with caution. Firstly, it was retrospective in design which restricted cause and effect inferences. Selection bias was almost inevitable due to the lack of randomization, as presented through the differences in A1C baseline values between two groups. Secondly, this study was conducted in a single-center without multidisciplinary diabetes care team. The results and findings, therefore, might not be generalized to other settings such as primary health care or tertiary care hospital with different diabetes care model. Thirdly, study subjects in the DMTAC group were concurrently managed by physicians in the UMC group. Likewise, diabetes management of study subjects in the UMC group might also be affected by pharmacists' interventions because physician might consult with DMTAC pharmacists regarding their diabetes management. Hence, this could be one of the confounding factors being introduced into the study. The better A1C reductions in the pharmacist-led group, hence, could be attributed to better compliance rate among patients with type 2 diabetes mellitus enrolled in that group. In addition, the data regarding numbers of hospitalization was retrieved retrospectively from the local electronic database. Thus, the records of study subjects being hospitalized or treated in other health centers could not be captured. Longer followup duration is also necessary to detect significant differences in hospitalization rates among type 2 diabetes mellitus patients managed by the DMTAC and UMC program.
Conclusion
Pharmacist-led diabetes medication therapy adherence clinic in this district hospital has a significant impact on A1C reductions among patients with type 2 diabetes mellitus, especially within the first 3 months of enrolment into the program. Nonetheless, there was no significant difference in terms of diabetes-related hospitalization between DMTAC and UMC groups. Through the current study, it was showed that pharmacists trained in managing patients with type 2 diabetes mellitus is important to improve patients' clinical outcome, especially in a hospital setting without a structured diabetes care model. More studies with longer duration may be necessary to assess the optimum timeframe of this program and also the long-term effects of pharmacist interventions on diabetes-related clinical outcomes in the future. 
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